The aim of this study is to investigate the dynamic stress-strain relation for the hybrid composite (nylon +carbon). Three groups of specimens are used with different number of carbon layers. The specimens were subjected to high velocity impact with different strain rates. SHPB (split Hopkinson pressure bar) is used in this investigation. The results show that, the stress-strain relation various with the strain rate. The maximum stress and strain are proportion directly with the strain rate. Also, the results revealed that, as the number of carbon layer increased, the maximum strain decreased.
Introduction


The split-Hopkinson pressure bar is among the most commonly used experimental techniques for the determination of the dynamic behavior of materials strained at rates of up to around 10 3 s -1 . Polymer matrix composite materials and structures are finding increasing uses in high performance applications. High strain rate loading is one of the possibilities in many of such applications. The mechanical properties of composite materials may be different at high strain rate loading compared with those at quasi-static loading. This necessitated carrying out investigations on how mechanical properties of composites would change with strain rate. The widely used technique for the determination of behavior of composites under high strain rate loading is SHPB (split Hopkinson pressure bar) apparatus. The working of this apparatus is based on one-dimensional wave propagation theory in elastic bars [1] . Various studies were carried out on high strain rate behavior of unidirectional and cross-ply glass composites [2, 3] and woven fabric glass composites [4] under compressive loading. Generally, it was observed that, the compressive strength and modulus increase compared with those at quasi-static loading.
Various studies were also carried out on high strain rate behavior of unidirectional and cross-ply carbon composites [5] [6] [7] and woven fabric carbon composites [8] under compressive loading. It was observed that, the compressive strength and modulus increase compared with those at quasi-static loading.
The objective of the present study is to determine the behavior of typical nylon-carbon/epoxy composite under high strain rate compressive loading. Force versus time plots based on strain gage signals obtained from incident bar and transmitter bar are derived and compared.
Theoretical Considerations
The design of SHPB is based on one-dimensional wave propagation in elastic bars which deals with the motion of particles in longitudinal direction. The one-dimensional system can ideally be considered to be of infinite length and negligible diameter. The analytical relations to calculate strain rate, strain, and stress as a function of time in the specimen in SHPB (1)
where, c is the elastic wave velocity in the bars ( ), L is the specimen gage length, A b is the cross-sectional area of the bars, A S is the cross-sectional area of the specimen, E and ρ are the Young's modulus and density of the bars, ε R is the reflected strain pulse, ε T is the transmitted strain pulse and t is the time duration.
Experimental Considerations
SHPB Apparatus
The compressive SHPB apparatus shown in Fig. 1 was used for the present study [8] . The main parts of the compressive SHPB apparatus are: 1-the incident bar, 2-the transmitted bar, 3-the striker bar, 4-the specimen, 5-strain gages, 6-supports, 7-momentum mass, 8-shooting gun, 9-the screw driver, 10-striker's clamper, 11-the rigid beam.
The diameter of the incident and transmitter bars is 12 mm .When the striker bar impacts the incident bar, an elastic stress pulse is generated and travels along the 
Specimens
Specimen dimension design is one of the most important considerations in SHPB testing. In order to minimize the effects of the longitudinal and lateral inertia and wave dispersion within the specimen, the overall specimen dimensions are required to be small.
Previous work in SHPB suggested that, the thickness/diameter ratios of 0.5-2.0 are suitable for cylindrical specimen tests under compression loading [8] .
Also the specimens' size must be smaller than the incident and transmitted rods diameters. A cylindrical specimen of 10 mm diameter was chosen in this work for all types of tested materials. Table 1 shows the groups of the samples.
Results and Discussion
The dynamic experimental results for three tested groups are shown in Figs. 2-4 . It can be seen that, the maximum stress and strain are increased with increasing the strain rate. Also, it can be indicated that, the increasing the number of layers of carbon fibers yielded higher mechanical properties. The results clearly show that, the material response is rate dependent. In general, both the slope of the stress-strain curves and the maximum stress and strain are affected. Figs. 2 and 3 show that, the groups A and B show less rate sensitivity than group C. The strain for the group C is less than for the other configurations due to increasing the volume fraction of carbon fiber. Tables 2-4 show that, the strain rate decreasing as the number of carbon layers increasing i.e., the strain increasing with increasing the carbon layers due to increasing the specimen stiffness. Also, the results indicate that, the strain rate is increasing with the impact velocity.
Figs. 5-9 show the variations of stress-strain behavior with the impact velocity. It can be concluded that, the specimen with one layer of carbon has maximum strain rate for all values of impact velocity. Compared with group A, the strain rate is decreased by 10%, 13%, 7%, 14% and 18% for group B and by 28%, 30%, 23%, 24% and 23% for group C. This is means that, the rate of change in (deformation) of a material with respect to time for group C is higher than groups A and B. 0 1,000 2,000 3,000 4,000 5,000 6,000 7,000 0 1,000 2,000 3,000 4,000 5,000 6,000 7,000
Conclusions
Based on the results were obtained, the compressive strength increases with an increase in strain rates. The maximum stress and minimum strain are observed in the group C (333). On the other hand, the strain rate is increased with the impact velocity while it found the strain rate for the first group A (313) is higher than the other groups at all impact velocities.
